12 United States Patent

Anda et al.

US008897341B2

US 8,897,341 B2
Nov. 25, 2014

(10) Patent No.:
45) Date of Patent:

(54)

(75)

(73)

(%)

(21)
(22)

(65)

(60)

(1)

(52)

(58)

SYSTEM AND METHOD FOR TESTING

TIMING OPERATIONS OF A PULSE-BASED

TRANSCEIVER

Inventors: Barney Edward Anda, San Diego, CA
(US); Jorge A. Garcia, San Diego, CA

(US)

Assignee: QUALCOMM Incorporated, San
Diego, CA (US)

Notice: Subject to any disclaimer, the term of this
patent 1s extended or adjusted under 35
U.S.C. 154(b) by 581 days.

Appl. No.: 13/176,345

Filed: Jul. 5, 2011

Prior Publication Data
US 2013/0003787 Al Jan. 3, 2013

Related U.S. Application Data

Provisional application No. 61/502,035, filed on
28, 2011.

Jun.

Int. Cl.

HO4B 17700 (2006.01)

HO4B 1/7163 (2011.01)

HO4B 1/7183 (2011.01)

U.S. CL

CPC ............ HO04B 1/7163 (2013.01); H04B 1/7183

(2013.01)

USPC e, 375/219;375/220

Field of Classification Search

CPC ... HO4B 1/7163; AO1IM 1/026; AO1IM 1/24;
GOIN 33/46; GOIN 22/00; GO1S 1/045

USPC ............ 375/219, 220; 455/509, 513, 516, 73;

370/252;710/1

See application file for complete search history.

(56) References Cited

U.S. PATENT DOCUMENTS

Ducaroiret al. .............. 375/226
Brown et al.

Hoang et al.
Kashiwakura

McElwee et al. ............. 714/742
Bansal et al.

6,331,999 B1* 12/2001
0,553,505 Bl 4/2003
7,111,208 B2 9/2006
7,124,334 B2  10/2006
7,340,662 B1* 3/2008
7,346,819 B2 3/2008

(Continued)

FOREIGN PATENT DOCUMENTS

1770409 Al 4/2007
OTHER PUBLICATIONS

EP

International Search Report and Written Opimmion—PCT/US2011/
052044—ISA/EPO—Mar. 27, 2013.

Primary Examiner — Dhaval Patel
Assistant Examiner — Helene Tayong
(74) Attorney, Agent, or Firm — Paul S. Holdaway

(57) ABSTRACT

The disclosure relates to an apparatus and method of testing
timing associated with the transmission and reception of a
pulse signal. With regard to testing the transmission of the
signal, a transmitter transmits a pulse within a selected hop
offset subinterval of a hop interval. The receiver takes
samples of the received signal for the entire duration of the
hop 1nterval. Successiul timing operation 1s indicated when
samples indicate a pulse recerved within the selected sub-
interval, and no pulses received within other subintervals of
the hop interval. With regard to testing the reception of the
signal, a transmitter transmits pulses within respective hop
ollset subintervals of a hop interval. The receiver 1s enabled
only for the duration of a selected subinterval, but samples are
taken for the entire duration of the hop interval. Successiul
timing operation 1s indicated when the samples indicate a
pulse recerved within the selected subinterval, and no pulses
received within other subintervals.
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SYSTEM AND METHOD FOR TESTING
TIMING OPERATIONS OF A PULSE-BASED
TRANSCEIVER

CROSS REFERENCE TO A RELATED
APPLICATION

This application claims the benefit of the filing date of U.S.

Provisional Application, Ser. No. 61/502,035, filed on Jun.
28, 2011, which 1s incorporated herein by reference.

FIELD

The present disclosure relates generally to communication
systems, and more specifically, to a system and method for
testing timing operations and/or other operating conditions of
a pulse-based transcerver.

BACKGROUND

In communication systems, signals are often transmitted
from a communication device to a remote communication
device via a wireless medium. These communication devices
typically employ a transceiver including a transmitter for
transmitting signals and a receiver for receving signals. In
many cases, the transceiver 1s operated continuously whether
or not signals are being transmitted or received. In some
cases, operating a transceiver 1n a continuous manner may be
acceptable. However, in other cases, such as when a limited
power source (e.g., a battery) 1s used, this may not be desir-
able since the transceiver may not be able to operate continu-
ously for long periods.

For instance, many communication devices are portable
devices, such as cellular telephones, smart phones, personal
digital assistants (PDAs), handheld devices, and other por-
table communication devices. These portable communica-
tion devices typically rely on a limited power source, such as
a battery, to perform the various intended operations. A lim-
ited power source typically has a continuous use life that
depends on the amount of power used by the portable device.
It 1s generally desirable to extend the continuous use life as
much as possible. Accordingly, portable communication
devices are more frequently designed for improved power
elficiency.

One technique for operating a transceiver 1n a more power
eificient manner 1s to use pulse-based modulation and mul-
tiple access techniques to transmit and receive signals. In such
a system, a transmitter may be operated 1n a relatively high
power consumption mode during the transmission of a pulse
signal. However, when the transmitter 1s not being used to
transmit the pulse signal, it 1s operated 1n a relatively low
power consumption mode 1n order to conserve power. Simi-
larly, 1n such a system, a receiver may be operated in a rela-
tively high power consumption mode during the reception of
a pulse signal, and in a relatively low power consumption
mode when the pulse signal 1s not being received.

As discussed above, these types of transceivers typically
use pulse modulation to communicate data between devices,
and orthogonal hopping pulse sequences to distinguish user
devices. These types of modulation and device differentiating
techniques typically rely on precise timing of the transmis-
sion and reception of pulses in order to effectuate the com-
munication of data and the discerning of the data’s originator.
Accordingly, ensuring the precise timing of the transmission

and reception of pulses by a transceiver 1s of concern.

SUMMARY

An aspect of the disclosure relates to a method of testing a
transceiver. The method comprises transmitting a signal at a

10

15

20

25

30

35

40

45

50

55

60

65

2

first time, recerving the signal at a second time, and determin-
ing an operating condition of the transceiver based on the first
and second times. In some aspect, the signal comprises one or
more pulses, such as ultra-wideband (UWB) pulses.

In another aspect of the disclosure, transmitting the signal
at the first time occurs within a time interval based on a clock
signal. In some aspect, transmitting the signal at the first time
occurs within a subinterval of the time interval. In some
aspect, receving the signal at the second time occurs within
the time 1nterval.

In another aspect of the disclosure, determining the oper-
ating condition of the transceiver comprises generating
samples of the recerved signal within the time interval, and
analyzing the samples to determine the second time of the
received signal within the time interval. In some aspect, the
method further comprises enabling at least one component
associated with recerving the signal during an entire duration
of the time 1nterval.

In another aspect of the disclosure, the operating condition
comprises a first timing associated with the transmitting the
signal, a second timing associated with receiving the signal,
or a third timing associated with transmitting and receiving
the signal. In some aspect, the method further comprises
providing an indication based on the determination of the
operating condition.

In another aspect of the disclosure, the method comprises
enabling at least one component associated with transmitting
the signal only during the transmission of the pulse, and
disabling at least one component 1f the pulse 1s not being
transmitted. In some aspect, transmitting the signal comprises
transmitting pulses within subintervals of a time interval,
respectively. In some aspect, recerving the signal comprises
enabling at least one component associated with recerving the
signal for only a duration of one of the subintervals of the time
interval, and generating samples of the recerved signal for an
entire duration of the time interval.

Other aspects, advantages and novel features of the present
disclosure will become apparent from the following detailed
description of the disclosure when considered 1n conjunction
with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1llustrates a block diagram of an exemplary trans-
ceiver for generating and receiving a pulse signal 1n accor-
dance with an aspect of the disclosure.

FIG. 2A 1llustrates a diagram depicting a relationship
between exemplary clock signal, hop interval, hop offset
subinterval, test transmit signal, and test receive signal in
accordance with another aspect of the disclosure.

FIG. 2B illustrates an exemplary test receive signal 1n
accordance with another aspect of the disclosure.

FIG. 3 illustrates a flow diagram of an exemplary method
of testing a timing operation of a transmitter 1n accordance
with another aspect of the disclosure.

FIG. 4A 1llustrates a diagram depicting another relation-
ship between exemplary clock signal, hop interval, hop offset
subinterval, test transmit signal, and test receive signal in
accordance with another aspect of the disclosure.

FIG. 4B illustrates an exemplary test receive signal 1n
accordance with another aspect of the disclosure.

FIG. 5 illustrates a flow diagram of an exemplary method
of testing a timing operation of a recerver 1n accordance with
another aspect of the disclosure.

FIG. 6 illustrates a block diagram of an exemplary appa-
ratus 1n accordance with another aspect of the disclosure.
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FIG. 7 illustrates a block diagram of another exemplary
apparatus 1n accordance with another aspect of the disclosure.

FIGS. 8A-D illustrate timing diagrams of various pulse
modulation techniques in accordance with another aspect of
the disclosure.

FIG. 9 1llustrates a block diagram of various ultra-wide
band (UWB) communications devices communicating with
cach other via various channels 1n accordance with another
aspect of the disclosure.

DETAILED DESCRIPTION

Various aspects of the disclosure are described below. It
should be apparent that the teachings herein may be embod-
ied 1n a wide variety of forms and that any specific structure,
function, or both being disclosed herein are merely represen-
tative. Based on the teachings herein one skilled in the art
should appreciate that an aspect disclosed herein may be
implemented independently of any other aspects and that two
or more of these aspects may be combined 1n various ways.
For example, an apparatus may be implemented or a method
may be practiced using any number of the aspects set forth
herein. In addition, such an apparatus may be implemented or
such a method may be practiced using other structure, func-
tionality, or structure and functionality in addition to or other
than one or more of the aspects set forth herein.

FIG. 1 1llustrates a block diagram of an exemplary trans-
ceiver 100 for generating and receiving a test pulse signal 1n
accordance with an aspect of the disclosure. In summary, the
transceiver 100 1s configured to determine one or more oper-
ating conditions of the transceiver by transmitting a test pulse
signal, and receiving and processing the test pulse signal. An
example of an operating condition that can be determined
using this technique 1s the accuracy of the timing of the
transmission of the test pulse signal. Another example of an
operating condition that can be determined using this tech-
nique 1s the accuracy of the timing of the reception of the test
pulse signal. Other operating conditions may be determined
using this technique.

In particular, the transceiver 100 comprises a transmitter
including a pulse generator 120, a bufler amplifier 122, a
power amplifier (PA) 124, and a transmitter (1x) timer 126.
Also, the transceiver 100 comprises a recerver including a low
noise amplifier (LNA) 102, a squarer 104, a variable gain
amplifier (VGA) 106, a slicer 108, a sampling oscillator 110,
and a receiver (Rx) timer 116. Additionally, the transcerver
100 comprises circuitry for controlling the transmission and
reception of the test pulse signal, such as, the transmit (1x)/
receive (Rx) controller 140, and a clock source 142. Further,
the transcerver 100 comprises circuitry for transmitting and
receiving signals to and from external devices via a wireless
medium, and routing signals from the transmitter to the
receiver. Such circuitry includes an antenna 130 and a switch
132. Also, the transceiver 100 comprises circuitry for deter-
mining one or more operating conditions of the transceiver
100, such as a timing analyzer 112 and a timing test result
indicator 114.

More specifically, the transmitter 1s adapted to transmit one
or more pulses, such as ultra wideband (UWB) pulses, that
can be used to communicate with other wireless devices, and
also to determine one or more operating conditions of the
transceiver 100. In this regard, the Tx/Rx controller 140 1s
adapted to initiate the transmission of a pulse. The Tx/Rx
controller 140 initiates the transmaission of a pulse by sending
an 1nstruction to the Tx timer 126. In response to the mstruc-
tion, the Tx timer 126 generates an enable signal (EN), based
on a clock signal generated by the clock source 142 and the
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4

instruction, that enables the pulse generator 120, buffer
amplifier 122, and PA 124. In response to the EN signal, the
pulse generator 120 generates a pulse, which 1s applied to the
PA 124 by way of buller amplifier 122. The PA 124, in turn,
amplifies the pulse to an appropriate level for either transmis-
sion to a remote wireless device or transmission to the
receiver-side of the transcerver 100. In the case of the pulse
signal being transmitted directly to the receiver-side of the
transcerver 100, the gain of the PA 124 may be set to a defined
minimum or relatively low value 1 order to prevent or reduce
signal compression 1n any of the receiver components.

I1 the pulse signal 1s to be transmitted to an external wire-
less device via the antenna 130, the switch 132 1s configured
to couple node “c” to node “a”, and decouple node “b” from
both nodes “a” and “c”. On the other hand, 11 the pulse signal
1s to be transmitted directly to the receiver-side of the trans-
ceiver 100, the switch 132 1s configured to couple node “c” to
node “b”, and decouple node “a” from both nodes “b” and
“c”. In the case that the receiver-side of the transceiver 100 1s
to recerve a pulse signal from an external wireless device via
the antenna 130, the switch 132 1s configured to couple node
“a” to node “b”’, and decouple node “c” from both nodes *““a”
and “b”.

The recerver of the transceiver 100 1s adapted to recerve a
pulse signal from either an external wireless device or the
transmitter-side of the transcerver. In this regards, the Tx/Rx
controller 140 1s adapted to initiate the reception of a pulse.
The Tx/Rx controller 140 mitiates the reception of a pulse by
sending an 1nstruction to the Rx timer 116. In response to the
instruction, the Rx timer 116 generates an enable signal (EN)
based on the clock signal generated by the clock source 142
and the 1nstruction, that enables the LNA 102, squarer 104,
and VGA 106. In response to the EN signal, the LNA 102
amplifies the recerved pulse signal to an appropnate level
based on whether the signal was recerved from a remote
wireless device or the transmitter-side of the transcerver 100.
In the case where the pulse signal was received from the
transmitter-side of the transceiver 100, the gain of the LNA
102 may be set to a defined minimum or relatively low value
in order to prevent or reduce signal compression 1 any
receiver component. The squarer 104 squares the amplified
pulse signal in order to generate a signal that varies as a
function of the energy of the recerved pulse signal. The VGA
106 turther amplifies the squared signal to a level appropnate
for the slicer 108. The slicer 108 samples and performs a 1-bat
digital conversion of the received signal based on a sampling
clock generated by the sampling oscillator 110.

The timing analyzer 112 1s adapted to analyze the slices of
the recerved signal to determine one or more operating con-
ditions of the transceiver 100. As discussed 1n more detail
below, 11 the operation condition of the transceiver 100 that 1s
being determined i1s the timing of the transmission of the
pulses, then the timing analyzer 112 analyzes the received
signal slices to determine 1f a pulse was transmitted within a
particular hop ofifset subinterval of a hop mterval, and no
pulses were transmitted within other hop offset subintervals
of the hop interval. Similarly, 11 the operation condition of the
transceiver 100 that 1s being determined 1s the timing of the
reception of the pulses, then the timing analyzer 112 analyzes
the recerved signal slices to determine 11 a pulse was received
within a particular hop offset subinterval of a hop interval,
and no pulses were received within other hop offset subinter-
vals of the hop interval.

The timing analyzer 112 instructs the Tx/Rx controller 140
to control the transmission and reception of a pulse signal
pursuant to the test or determination being conducted. It shall
be understood that the timing analyzer 112 may be adapted to
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determine other operating conditions of the transceiver 100
by analyzing the slices of the received signal. The timing test
result indicator 114 1s adapted to generate an indication of the
test result conducted by the timing analyzer 112. For instance,
the indicator 114 may be any one or more of the following: a
display, a transducer such as a speaker, a touch sensory sys-
tem, a temperature sensory system, other somatosensory sys-
tem, a controller, etc. Alternatively, or in addition to, the
indicator 114 may provide an indication by sending a packet
via a serial or other port, by interrogating a particular memory
device, or performing some other operation.

Although 1n the examples described herein, the test pulse
signal transmitted by the transmitter-side of the transceiver
100 1s received by the receiver-side of the transcerver, 1t shall
be understood that external equipment may be used to receive
and process the transmitted test pulse signal 1n order to deter-
mine one or more operating conditions associated with the
transmitter-side of the transceiver. Alternatively, or 1n addi-
tion to, 1t shall be understood that external equipment may be
used to transmit a test pulse signal to the receiver-side of the
transceiver 100 1n order to determine one or more operating,
conditions associated with the receiver-side of the trans-
celver.

Additionally, with reference to FIG. 1, a means for trans-
mitting a signal may include any one or more of the following;:
the pulse generator 120, the buffer 122, the power amplifier
(PA) 124, the transmitter (1TX) timer 126, the clock source
142, and the transmit/receive (ITX/RX) controller 140. A
means for recerving a signal may include any one or more of
the following: the low noise amplifier (LNA) 102, the squarer
104, the variable gain amplifier (VGA) 106, the recerve (RX)
timer 116, the slicer 108, the sampling oscillator 110, the
clock source 142, and the transmit/receive (TX/RX) control-
ler 140. A means for determining an operating condition may
include the timing analyzer 112. A means for generating
samples may include one or more of the following: the slicer
108 and the sampling oscillator 110. A means for analyzing
the samples may include the timing analyzer 112. A means for
enabling at least one component of the receiving means may
include one or more of the following: the TX/RX controller
140, the clock source 142, and the RX timer 116. A means for
providing an indication may include the timing test result
indicator 114. A means for enabling or disabling at least one

component of the transmitting means may include one or
more of the following: the TX/RX controller 140, the clock
source 142, and the TX timer 126.

FIG. 2A 1illustrates a diagram depicting a relationship
between exemplary clock signal, hop interval, hop oflset
subinterval, test transmit signal, and test receive signal 1n
accordance with another aspect of the disclosure. The top
graph 1n the diagram depicts an exemplary clock signal that
may be generated by clock source 142. As illustrated, the
clock signal may be substantially periodic and square-wave 1n
shape. In this example, a period of the clock signal may
substantially correspond to a duration of a hop interval.
Below the graph of the clock signal are N exemplary hop
intervals 1llustrated. Each hop interval may be comprised of
cight (8) hop oflset subintervals, labeled 0-7.

As an example, hop oflset subintervals may be used to
distinguish pulses transmitted and/or received from different
users. In a simple implementation, a first user may be
assigned to transmit and receirve pulses within hop offset
subinterval (2), while a second user may be assigned to trans-
mit and receive pulses within hop oflset subinterval (4). In a
more complex implementation, a first user may be assigned a
first hopping (e.g., pseudorandom) sequence of N hop offset

subintervals, and a second user may be assigned a second and
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different hopping (e.g., pseudorandom) sequence of N hop
olfset subintervals. The first and second hopping sequences
may be configured orthogonal to each other 1n order to pre-
vent or mimimize pulse collisions. Two consecutive or adja-
cent hop intervals may be configured as a data or pulse inter-
val. For instance, 11 a pulse 1s transmitted in hop interval (0),
then at a recerver end, the pulse may be interpreted as a logic
(0). Stmilarly, 11 a pulse 1s transmitted 1n hop 1nterval (1), then
at a recerver end, the pulse may be interpreted as a logic (1).
For each data or pulse interval, a single pulse 1s transmitted
within the assigned hop offset subinterval.

As an example, a data frame or packet may be configured to
have 64 data or pulse intervals. As discussed above, a data or
pulse interval may comprise two consecutive hop intervals.
Accordingly, 1n this example, there are 128 hop intervals
(e.g., N=128). Also, as previously discussed, each hop inter-
val may comprise eight (8) hop ofiset subintervals. Thus, in
this example, there are 1024 hop oifset subintervals (e.g.,
128%8). Further, 1n accordance with this example, the slicer
108 may be configured to generate 16 samples or slices per
hop offset subinterval. Accordingly, in this example, the slicer
108 may generate 16,384 slices per data frame or packet
(1024x16).

In accordance with a testing of an exemplary operating
condition of the transcerver 100, such as the transmission of a
pulse, the Tx/Rx controller 140 may be operated to cause the
transmitter to transmit a pulse at hop offset subinterval (1) for
all hop iterval 1n a data frame or packet. The transmitted
pulse 1s 1llustrated as a dotted line 1n the top or Tx portion of
cach hop interval. During proper operation of the transcerver
100, the transmitted pulse should be received by the receiver
alter a relatively small delay from the transmission of the
pulse. The received pulse 1s 1llustrated as a solid line in the
bottom or Rx portion of each hop iterval. For example, a
successiul result may be indicated when only a single pulse 1s
detected at the recerver within a hop offset subinterval based
on the hop oflset subinterval in which the transmitted pulse
was sent (e.g., the same hop offset subinterval). This test may
be repeated for each hop ofiset and for each Tx timer 126 11
there are multiple timers.

FIG. 2B illustrates an exemplary test recetve signal in
accordance with another aspect of the disclosure. As previ-
ously discussed, the slicer 108 may generate 128 slices per
cach hop interval. Then, the timing analyzer 112 generates a
running count of the slice value for each slice position for the
hop intervals 1n a data frame or packet. For instance, the
maximum for the runmng count of the slice value for a par-
ticular position1s 128 because there are 128 hop intervals, and
the slice value for each position 1s etther a one (1) or zero (0).
An upper threshold TH1 may be set to a specified high per-
centage (e.g., 80%) of the maximum value (e.g., 128), such as
102 (e.g., ~80% 01 128). A lower threshold TH2 may be set to
a specified low percentage (e.g., 20%) of the maximum value
(e.g., 128), such as 26 (e.g., ~20% of 128). The upper thresh-
old TH1 may be set based on historical, actual and/or esti-
mated values of runming counts associated with a successiul
reception of pulses. The lower threshold TH2 may be set
based on historical, actual and/or estimated values of running
counts associated with noise present in the received signal.

A successtul result may be indicated as follows: (1) the
running count(s) for one or more slice positions pertaining to
a hop olffset subinterval 1s equal to or above the upper thresh-
old TH1, which indicates the presence of a pulse in that hop
ollset subinterval; (2) the hop ofiset subinterval indicative of
having a pulse 1s consistent with the hop offset subinterval in
which the pulse was transmitted (e.g., transmitted in hop
offset subinterval (1) and recerved 1n hop offset subinterval
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(1)); (3) the running counts for all slice positions pertaining to
other hop oflset subintervals are equal to or below the lower
threshold TH2, which indicates the absence of a pulse 1n those
hop offset subintervals; and (4) the running counts for slice
positions in the hop offset subinterval following the hop sub- 5
interval indicative ot having a pulse are 1ignored to account for
the pulse signal leaking into the following hop offset subinter-
val.

The example illustrated 1n FIG. 2B indicates a successiul
result. For instance, the running count of slice positions 23-31 10
within the hop offset subinterval (1) are equal to or above the
upper threshold TH1, which indicates the presence of a pulse
in that hop offset subinterval. The hop offset subinterval (1)
corresponds to the hop offset subinterval (1) in which the
pulse was transmitted. The other hop offset subintervals (0) 15
and (3)-(7) indicate the absence of pulse by the corresponding
running counts of all of their slice positions being equal to or
below the lower threshold TH2. The running counts of the
slice positions of the hop ot

set subinterval (2) following the
hop ofiset subinterval (1) indicative of having a pulse are 20
ignored due to signal leakage into that hop offset subinterval

(2) as shown.

Additional information related to the operating condition
of the transceiver may be obtained by analyzing the running
counts of slice positions for one or more data frames or 25
packets. For instance, the runnming counts may indicate varia-
tion or drift 1in the timing of the transmission of the pulses.
Statistical information, such as standard deviation, may be
obtained by analysis of the running counts of slice positions.
This may be useful to further ascertain the operating condi- 30
tion of the transcetver.

FI1G. 3 1llustrates a flow diagram of an exemplary method
300 of testing a timing operation ol a transmitter 1 accor-
dance with another aspect of the disclosure. The method 300
1s one example of a method for determiming one or more 35
operation conditions of the transcerver 100, as previously
discussed. That 1s, the timing and other parameters associated
with the transmaission of a pulse may be determined by 1mple-
menting the exemplary method 300.

In particular, according to the method 300, the transcerver 40
100 may be set to a fixed test configuration (block 302). For
instance, in this regards, the LNA 102 and PA 124 may be set
to respective specified mimimal or relatively low gains in
order to prevent too high signal levels at the recerver-side of
the transcerver 100. This may be done to prevent significant 45
signal compression at one or more components at the
receiver-side of the transceiver 100. Additionally, the switch
132 may be configured to couple nodes “b” and *“c”, and
decouple node “a” from both nodes “b” and “c”. Such param-
cters may be fixed throughout the testing method 300. 50

Additionally, the transceiver 100 may be set to an initial
test configuration (block 304). For instance, the current Tx
timer j to be tested (e.g., Tx timer 0) may be set or enabled.
Also, the current hop 1nterval k to be tested (e.g., hop interval
0) may be set. Additionally, the current hop offset subinterval 55
1 to be tested (e.g., hop offset subinterval 0) may be set. As
discussed below, such parameters may be changed through-
out the testing method 300.

Then, according to the method 300, the transmitter-side of
the transcerver 100 transmits a pulse within the current hop 60
offset subinterval 1 of the current hop interval k using the
current Tx timer 1 (block 306). That 1s, the pulse generator
120, buifer 122, and PA 124 are enabled only during the
current hop offset subinterval 1 of the current hop interval k.
These devices are disabled during the other hop offset sub- 65
intervals of the current hop interval k. The recerver-side of the
transceiver 100 1s enabled to recerve the signal from the
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transmitter-side for the entire duration of the current hop
interval k (block 308). That 1s, the LNA 102, squarer 104, and
VGA 106 are enabled for the entire duration of the current
hop interval k.

Then, according to the method 300, the slicer 108 gener-
ates slices of the recerved signal for the entire duration of the
current hop mterval k (block 310). With regard to the example
previously discussed, the slicer 108 may take 128 slices of the
received signal per the current hop interval k. The timing
analyzer 112 then generates a running count of the value of
cach of the slices (block 312). Then, in block 314, the variable
k indicative ofthe current hop interval 1s incremented. And, in
block 316, it 1s determined whether the new current hop
interval k exceeds the number of hop mtervals K-1 for a data
frame or packet (e.g., K—1=128). If the current hop interval k
does not exceed the number of hop intervals K-1 1n a data
frame or packet (e.g., k<K), then the operations pertaining to
blocks 306 through 316 are repeated.

I1, on the other hand, the current hop interval k does exceed
the number of hop intervals K-1 1n a data frame or packet
(e.g., k=K), the timer analyzer 112 assesses the transmitter
timing for the current hop offset subinterval 1 and Tx timer j
by analyzing the running counts of the slices (block 318). As
previously discussed with reference to FIGS. 2A-2B, the
transmitter timing 1s running properly if the following criteria
are met: (1) the running count(s) for one or more slice posi-
tions pertaining to the current hop offset subinterval 11s equal
to or above the upper threshold TH1, which indicates the
presence ol a pulse 1n that hop offset subinterval; (2) the
running counts for all slice positions pertaining to other hop
offset subintervals are equal to or below the lower threshold
TH2, which indicates the absence of a pulse 1n those hop
oszset subintervals; and (3) the running counts for slice posi-
tions in the next hop offset subinterval 1+1 are 1gnored to
account for the pulse signal leaking into the following hop
ollset subinterval.

In block 320, the current hop offset subinterval 1 1s incre-
mented (e.g., 1=1+1). Then, 1t 1s determined whether the new
current hop offset subinterval 1 exceeds the number of hop
olfset subintervals L.—1 1n a hop interval (block 322). If not
(e.g., I<L), the operations indicated i blocks 306 through 322
are repeated. On the other hand, 1t the current hop oifset
subinterval 1 exceeds the number of hop offsets subintervals
[.-1 1n a hop interval (e.g., I=L), then the current timer ] 1s
incremented (e.g., 1=1+1) (block 324). Then, it 1s determined
whether the new current timer 1 exceeds the number of Tx
timers J-1 to be tested (block 326). If not (e.g., 1<<J), the
operations 1indicated 1n blocks 306 through 326 are repeated.
On the other hand, 1T the current Tx timer j exceeds the
number of Tx timers J-1 to be tested (e.g., 1=J), then the
transmitter timer testing operation may end (block 328).

FIG. 4A 1llustrates a diagram depicting another relation-
ship between exemplary clock signal, hop interval, hop offset
subinterval, test transmit signal, and test recerve signal 1n
accordance with another aspect of the disclosure. This dia-
gram 1s similar to the one depicted 1n FIG. 2A, and thus, the
relationship between the clock signal, hop interval, and hop
olfset subinterval have been thoroughly discussed. The dia-
gram ol FIG. 4A differs from that of FIG. 2A 1n that the
transmit signal 1s configured to test the Rx timer 116. In this
example, the transmit signal consists of a plurality of pulses
transmitted within all the hop offset subintervals of each hop
interval, respectively. Further, in this example, the recerver
(e.g., the LNA 102, squarer 104, and VGA 106) 1s enabled
only for a duration of a selected hop offset subinterval and
disabled for the remaining hop offset subintervals of each hop
interval.
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FIG. 4B illustrates an exemplary test receive signal in
accordance with another aspect of the disclosure. The dia-
gram of FIG. 4B 1s similar to the diagram of FIG. 2B because
the criteria for a successiul test of the Rx timer 116 are similar
to the criteria for a successtul test of the Tx timer 126. That 1s,
a successiul result may be indicated as follows: (1) the run-
ning count(s) for one or more slice positions pertaiming to a
hop offset subinterval 1s equal to or above the upper threshold
THI1, which indicates the presence of a pulse in that hop offset
submterval (2) the hop offset subinterval indicative ofhaving
a pulse 1s consistent with the hop offset subinterval in which
the receiver was enabled; and (3) the running counts for all
slice positions pertaiming to other hop offset subintervals are
equal to or below the lower threshold TH2, which indicates
the absence of a pulse 1n those hop oflset subintervals.

The example 1llustrated in FIG. 4B indicates a successiul
result. For instance, the running count of slice positions 23-31
within the hop offset subinterval (1) are equal to or above the
upper threshold TH1, which indicates the presence of a pulse
in that hop offset subinterval. The hop offset subinterval (1)
corresponds to the hop offset subinterval (1) during which the
receiver was enabled. The other hop oil

set subintervals (0)
and (3)-(7) indicate the absence of pulse by the corresponding
running counts of all of their slice positions being equal to or
below the lower threshold TH2.

FIG. 5 illustrates a flow diagram of an exemplary method
500 of testing a timing operation of a receiver in accordance
with another aspect of the disclosure. The method 500 1s one
example of a method for determining one or more operation
conditions of the transceiver 100, as previously discussed.
That 1s, the timing and other parameters associated with the
reception of pulses may be determined by implementing the
exemplary method 500.

In particular, according to the method 500, the transceiver
100 may be set to a fixed test configuration (block 502). For
instance, 1n this regards, the LNA 102 and PA 124 may be set
to respective specified mimmal or relatively low gains in
order to prevent too high signal levels at the receiver-side of
the transceiver 100. This may be done to prevent significant
signal compression at one or more components at the
receiver-side of the transceiver 100. Additionally, the switch
132 1s configured to couple nodes “b” and “c”, and decouple
node “a” from both nodes “b” and “c”. Such parameters may
be fixed throughout the testing method 500.

Additionally, the transceiver 100 may be set to an initial
test configuration (block 504). For instance, the current Rx
timer j to be tested (e.g., Rx timer 0) may be set or enabled.
Also, the current hop interval k to be tested (e.g., hop interval
0) may be set. Additionally, the current hop offset subinterval
1 to be tested (e.g., hop offset subinterval 0) may be set. As
discussed below, such initial parameters are changed
throughout the testing method 500.

Then, according to the method 500, the transmitter-side of
the transceiver 100 transmits respective pulses within every
hop ofiset subinterval of the current hop mterval k (block
506). That 1s, the pulse generator 120, buffer 122, and PA 124
are enabled throughout the entire duration of the current hop
interval k. The receiver-side of the transceiver 100 1s enabled
to recerve the signal from the transmitter-side for only the
duration of the current hop offset subinterval 1 of the current
hop interval k (block 508). That 1s, the LNA 102, squarer 104,
and VGA 106 are enabled for only the duration of the current
hop offset subinterval 1 of the current hop interval k. The
receiver 1s disabled for the other hop offset subintervals of the
current hop interval k.

Then, according to the method 500, the slicer 108 gener-
ates slices of the recerved signal for the entire duration of the
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current hop interval k (block 510). With regard to the example
previously discussed, the slicer 108 may take 128 slices of the
received signal per the current hop interval k. The timing
analyzer 112 then generates a running count of the value of
cach of the slices (block 512). Then, in block 514, the variable
k indicative o the current hop interval 1s incremented. And, in
block 316, 1t 1s determined whether the new current hop
interval k exceeds the number hop intervals K—1 for a data
frame or packet. If the current hop interval k does not exceed
the number of hop intervals K-1 1n a data frame or packet
(e.g., k<K), then the operations pertaining to blocks 3506
through 516 are repeated.

I1, on the other hand, the current hop interval k does exceed
the number of hop intervals K-1 1n a data frame or packet
(e.g., k=K), the timer analyzer 112 assesses the recetver tim-
ing for the current hop ofifset subinterval 1 and Rx timer j by
analyzing the running counts of the slice positions (block
518). As previously discussed with reference to FIGS.
4A-4B, the receiver timing 1s running properly 11 the follow-
ing criteria are met: (1) the running count(s) for one or more
slice positions pertaining to the current hop offset subinterval
1 1s equal to or above the upper threshold TH1, which 1ndi-
cates the presence of a pulse 1n that hop ofiset subinterval; and
(2) the running counts for all slice positions pertaining to
other hop offset subintervals are equal to or below the lower
threshold TH2, which indicates the absence of apulse in those
hop offset subintervals.

In block 520, the current hop offset subinterval 1 1s incre-
mented (e.g., I=1+1). Then, 1t 1s determined whether the new
current hop offset subinterval 1 exceeds the number of hop
offsets L—1 1n a hop interval (block 522). ITnot (e.g., <L), the
operations 1ndicated 1n blocks 506 through 522 are repeated.
On the other hand, 1f the current hop ofiset 1 exceeds the
number of hop oflsets L-1 in a hop interval (e.g., I=L), then
the current Rx timer j 1s incremented (e.g., 1=1+1) (block 524).
Then, it 1s determined whether the new current Rx timer |
exceeds the number J-1 of Rx timers to be tested (block 526).
If not (e.g., 1<<J), the operations indicated in blocks 506
through 524 are repeated. On the other hand, 11 the current Rx
timer ] exceeds the number J-1 of Rx timers to be tested (e.g.,
1=1), then the Rx timer testing operation may end (block 528).

FIG. 6 illustrates a block diagram of an exemplary appa-
ratus 600 1n accordance with another aspect of the disclosure.
In general, the apparatus 600 1s configured for determining an
operating condition of a transcerver. The operating condition
1s based on a first time T1 associated with the transmission of
a signal, and a second time T2 associated with the reception of
the signal. More specifically, the operating condition 1s based
on a comparison of the first and second times (11 and T2).

In particular, the apparatus 600 comprises a transcerver 610
including a signal transmitting module 612 and a signal
receiving module 614. The apparatus 600 also comprises an
operating condition determining module 620 coupled to both
the signal transmitting module 612 and the signal transmit-
ting module 614. In operation, the signal transmitting module
612 transmits a signal at time T1. The signal receiving module
614 recerves the signal at time T2. The operating condition
determining module 620 determines an operation condition
of the transceiver 610 based on a comparison of the first and
second times (T1 and T2).

FIG. 7 illustrates a block diagram of another exemplary
apparatus 700 1n accordance with another aspect of the dis-
closure. The apparatus 700 comprises a data generator 720, a
datarecerver 730, and a transceiver operating condition asses-
sor 740, all of which are coupled to a transceiver 710. The
transcerver operating condition assessor 740 determines one
or more operating conditions of the transcerver 710, and may
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be implemented as described herein. The data generator 720
generates data for transmission by the transcerver 710 to a
remote wireless device via a wireless medium. The data
receiver 730 recerves data recetved by the transceiver 710
from a remote wireless via the wireless medium.

The data generator 720 and the data recerver 730 may be
implemented as specific devices depending on the application
of the apparatus 700. For instance, 1f the apparatus 700 1s
implemented as a headset, the data generator 720 may be a
data-generating transducer, such as a microphone, and the
data recerver 730 may be a data-processing transducer, such
as a speaker. Similarly, 1f the apparatus 700 1s implemented as
a watch, the data generator 720 may be a data-generating
device, such as a keyboard or touch-sensitive display, and the
data receiver 730 may be a user interface, such as a display.
Likewise, 1f the apparatus 700 1s implemented as a sensing
device, the data generator 720 may be a data-generating
device, such as a sensor, and the data receiver 730 may be a
controller that controls the sensing operation.

The apparatus 700 may be implemented as many distinct
devices, such as a gaming device, shoe, robotic or mechanical
device responsive to data, a medical device, an audio device,
an athletic monitoring device, and others. In such distinct
devices, the data generator 720 and data recerver 730 may be
implemented to complement the various distinct applications
of the distinct devices. For instance, the data generator 720
and data receiver 730 may be separate or integrated devices,
and may include a microprocessor, microcontroller, a
reduced mstruction set computer (RISC) processor, a display,
an audio device, one or more light emitting diodes (LED), a
user device, etc.

FIG. 8A illustrates different channels (channels 1 and 2)
defined with different pulse repetition frequencies (PRFE) as
an example of a pulse modulation that may be employed 1n
any of the communications systems, devices, and apparatuses
described herein. Specifically, pulses for channel 1 have a
pulse repetition frequency (PRF) corresponding to a pulse-
to-pulse delay period 802. Conversely, pulses for channel 2
have a pulse repetition frequency (PRF) corresponding to a
pulse-to-pulse delay period 804. This technique may thus be
used to define pseudo-orthogonal channels with a relatively
low likelihood of pulse collisions between the two channels.
In particular, a low likelihood of pulse collisions may be
achieved through the use of a low duty cycle for the pulses.
For example, through appropnate selection of the pulse rep-
ctition frequencies (PRF), substantially all pulses for a given
channel may be transmitted at different times than pulses for
any other channel.

The pulse repetition frequency (PRF) defined for a given
channel may depend on the data rate or rates supported by that
channel. For example, a channel supporting very low data
rates (e.g., on the order of a few kilobits per second or Kbps)
may employ a corresponding low pulse repetition frequency
(PRF)). Conversely, a channel supporting relatively high data
rates (e.g., on the order of a several megabits per second or
Mbps) may employ a correspondingly higher pulse repetition
frequency (PRF).

FIG. 8B illustrates different channels (channels 1 and 2)
defined with different pulse positions or offsets as an example
of a modulation that may be employed 1n any of the commu-
nications systems described herein. Pulses for channel 1 are
generated at a point 1n time as represented by line 806 1n
accordance with a first pulse offset (e.g., with respect to a
given point 1n time, not shown). Conversely, pulses for chan-
nel 2 are generated at a point in time as represented by line 808
in accordance with a second pulse offset. Given the pulse
offset difference between the pulses (as represented by the
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arrows 810), this technique may be used to reduce the likel:-
hood of pulse collisions between the two channels. Depend-
ing on any other signaling parameters that are defined for the
channels (e.g., as discussed herein) and the precision of the
timing between the devices (e.g., relative clock drift), the use
of different pulse offsets may be used to provide orthogonal or
pseudo-orthogonal channels.

FIG. 8C illustrates different channels (channels 1 and 2)
defined with different timing hopping sequences modulation
that may be employed 1n any of the communications systems
described herein. For example, pulses 812 for channel 1 may
be generated at times 1n accordance with one time hopping
sequence while pulses 814 for channel 2 may be generated at
times 1n accordance with another time hopping sequence.
Depending on the specific sequences used and the precision
ol the timing between the devices, this technique may be used
to provide orthogonal or pseudo-orthogonal channels. For
example, the time hopped pulse positions may not be periodic
to reduce the possibility of repeat pulse collisions from neigh-
boring channels.

FIG. 8D illustrates different channels defined with differ-
ent time slots as an example of a pulse modulation that may be
employed 1n any of the communications systems described
herein. Pulses for channel L1 are generated at particular time
instances. Similarly, pulses for channel .2 are generated at
other time 1nstances. In the same manner, pulse for channel
.3 are generated at still other time instances. Generally, the
time 1nstances pertaiming to the different channels do not
comncide or may be orthogonal to reduce or eliminate inter-
ference between the various channels.

It should be appreciated that other techniques may be used
to define channels 1n accordance with other pulse modulation
schemes. For example, a channel may be defined based on
different spreading pseudo-random number sequences, or
some other suitable parameter or parameters. Moreover, a
channel may be defined based on a combination of two or
more parameters.

FIG. 9 1illustrates a block diagram of various ultra-wide
band (UWB) communications devices communicating with
cach other via various channels 1n accordance with another
aspect of the disclosure. For example, UWB device 1 902 1s
communicating with UWB device 2 904 via two concurrent

UWRB channels 1 and 2. UWB device 902 1s communicating
with UWB device 3 906 via a single channel 3. And, UWB
device 3 906 1s, 1n turn, communicating with UWB device 4
908 via a single channel 4. Other configurations are possible.
The communications devices may be used for many different
applications, and may be implemented, for example, 1n a
headset, microphone, biometric sensor, heart rate monitor,
pedometer, EKG device, watch, shoe, remote control, switch,
tire pressure monitor, or other communications devices. A
medical device may include smart band-aid, sensors, vital
sign monitors, and others. The communications devices
described herein may be used 1n any type of sensing applica-
tion, such as for sensing automotive, athletic, and physiologi-
cal (medical) responses.

Any of the above aspects of the disclosure may be 1mple-
mented 1n many different devices. For example, 1n addition to
medical applications as discussed above, the aspects of the
disclosure may be applied to health and fitness applications.
Additionally, the aspects of the disclosure may be 1mple-
mented 1n shoes for different types of applications. There are
other multitude of applications that may incorporate any
aspect of the disclosure as described herein.

Various aspects of the disclosure have been described
above. It should be apparent that the teachings herein may be
embodied 1n a wide variety of forms and that any specific
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structure, function, or both being disclosed herein 1s merely
representative. Based on the teachings herein one skilled 1n
the art should appreciate that an aspect disclosed herein may
be implemented independently of any other aspects and that
two or more of these aspects may be combined 1n various
ways. For example, an apparatus may be implemented or a
method may be practiced using any number of the aspects set
forth herein. In addition, such an apparatus may be imple-
mented or such a method may be practiced using another
structure, functionality, or structure and functionality 1n addi-
tion to or other than one or more of the aspects set forth herein.
As an example of some of the above concepts, in some aspects
concurrent channels may be established based on pulse rep-
ctition frequencies. In some aspects concurrent channels may
be established based on pulse position or offsets. In some
aspects concurrent channels may be established based on
time hopping sequences. In some aspects concurrent chan-
nels may be established based on pulse repetition frequencies,
pulse positions or offsets, and time hopping sequences.

Those of skill in the art would understand that information
and signals may be represented using any of a variety of
different technologies and techniques. For example, data,
instructions, commands, information, signals, bits, symbols,
and chips that may be referenced throughout the above
description may be represented by voltages, currents, elec-
tromagnetic waves, magnetic fields or particles, optical fields
or particles, or any combination thereof.

Also, 1t should be understood that any reference to an
clement herein using a designation such as “first,” “second,”
and so forth does not generally limit the quantity or order of
those elements. Rather, these designations are generally used
herein as a convenient method of distinguishing between two
or more elements or 1instances of an element. Thus, a refer-
ence to {irst and second elements does not mean that only two
clements may be employed there or that the first element must
precede the second element 1n some manner. Also, unless
stated otherwise a set of elements comprises one or more
clements. In addition, terminology of the form “at least one of
A, B, or C” or “one or more of A, B, or C” or “at least one of
the group consisting of A, B, and C” used in the description or
the claims means “A or B or C or any combination of these
clements.”

As used herein, the term “determining” encompasses a
wide variety of actions. For example, “determining” may
include calculating, computing, processing, deriving, mnves-
tigating, looking up (e.g., looking up 1n a table, a database or
another data structure), ascertaining, and the like. Also,
“determining” may include recerving (e.g., receiving infor-
mation), accessing (e.g., accessing data in a memory), and the
like. Also, “determining” may include resolving, selecting,
choosing, establishing, and the like.

Those of skill 1n the art understand that information and
signals may be represented using any of a variety of different
technologies and techmiques. For example, any data, instruc-
tions, commands, information, signals, bits, symbols, and
chips referenced throughout the above description may be
represented by voltages, currents, electromagnetic waves,
magnetic fields or particles, optical fields or particles, or any
combination thereof.

Those of skill would further appreciate that the various
illustrative logical blocks, modules, processors, means, cir-
cuits, and algorithm steps described 1n connection with the
aspects disclosed herein may be implemented as electronic
hardware (e.g., a digital implementation, an analog 1mple-
mentation, or a combination of the two, which may be
designed using source coding or some other technique), vari-
ous forms of program or design code ncorporating istruc-
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tions (which may be referred to herein, for convemence, as
“software” or a “software module™), or combinations of both.
To clearly illustrate this interchangeability of hardware and
soltware, various 1illustrative components, blocks, modules,
circuits, and steps have been described above generally 1n
terms of their functionality. Whether such functionality 1s
implemented as hardware or software depends upon the par-
ticular application and design constraints imposed on the
overall system. Skilled artisans may implement the described
functionality 1n varying ways for each particular application,
but such implementation decisions should not be interpreted
as causing a departure from the scope of the present disclo-
sure.

The various illustrative logical blocks, modules, and cir-
cuits described 1n connection with the aspects disclosed
herein may be implemented within or performed by an inte-
grated circuit (“IC”), an access terminal, or an access point.
The IC may comprise a general purpose processor, a digital
signal processor (DSP), an application specific integrated
circuit (ASIC), a field programmable gate array (FPGA) or
other programmable logic device, discrete gate or transistor
logic, discrete hardware components, electrical components,
optical components, mechanical components, or any combi-
nation thereof designed to perform the functions described
herein, and may execute codes or instructions that reside
within the IC, outside of the IC, or both. A general purpose
processor may be a microprocessor, but in the alternative, the
processor may be any conventional processor, controller,
microcontroller, or state machine. A processor may also be
implemented as a combination of computing devices, e.g., a
combination of a DSP and a microprocessor, a plurality of
MICroprocessors, One Or more miCroprocessors in conjunc-
tion with a DSP core, or any other such configuration.

It 1s understood that any specific order or hierarchy of steps
in any disclosed process 1s an example of a sample approach.
Based upon design preferences, it 1s understood that the spe-
cific order or hierarchy of steps in the processes may be
rearranged while remaining within the scope of the present
disclosure. The accompanying method claims present ele-
ments of the various steps 1n a sample order, and are not meant
to be limited to the specific order or hierarchy presented.

The tunctions described may be implemented in hardware,
soltware, firmware, or any combination thereof. If imple-
mented 1n hardware, an example hardware configuration may
comprise a processing system 1n a wireless node. The pro-
cessing system may be implemented with a bus architecture.
The bus may include any number of interconnecting buses
and bridges depending on the specific application of the pro-
cessing system and the overall design constraints. The bus
may link together various circuits including a processor,
machine-readable media, and a bus interface. The bus inter-
face may be used to connect a network adapter, among other
things, to the processing system via the bus. The network
adapter may be used to implement the signal processing func-
tions of the PHY layer. In the case of a user terminal 120 (see
FIG. 1), a user interface (e.g., keypad, display, mouse, joy-
stick, etc.) may also be connected to the bus. The bus may also
link various other circuits such as timing sources, peripherals,
voltage regulators, power management circuits, and the like,
which are well known 1n the art, and therefore, will not be
described any further.

The processor may be responsible for managing the bus
and general processing, including the execution of software
stored on the machine-readable media. The processor may be
implemented with one or more general-purpose and/or spe-
cial-purpose processors. Examples include microprocessors,
microcontrollers, DSP processors, and other circuitry that can
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execute soltware. Software shall be construed broadly to
mean instructions, data, or any combination thereof, whether
referred to as software, firmware, middleware, microcode,
hardware description language, or otherwise. Machine-read-
able media may include, by way of example, RAM (Random
Access Memory), flash memory, ROM (Read Only Memory),
PROM (Programmable Read-Only Memory), EPROM
(Erasable Programmable Read-Only Memory), EEPROM
(Electrically Erasable Programmable Read-Only Memory),
registers, magnetic disks, optical disks, hard drives, or any
other suitable storage medium, or any combination thereof.
The machine-readable media may be embodied 1n a com-
puter-program product. The computer-program product may
comprise packaging materials.

In a hardware implementation, the machine-readable
media may be part of the processing system separate from the
processor. However, as those skilled in the art will readily
appreciate, the machine-readable media, or any portion
thereot, may be external to the processing system. By way of
example, the machine-readable media may include a trans-
mission line, a carrier wave modulated by data, and/or a
computer product separate from the wireless node, all which
may be accessed by the processor through the bus interface.
Alternatively, or 1n addition, the machine-readable media, or
any portion thereof, may be integrated into the processor,
such as the case may be with cache and/or general register
files.

A processing system may include hardware, software,
firmware or any combination thereof. The processing system
may be configured as a general-purpose processing system
with one or more microprocessors providing the processor
functionality and external memory providing at least a por-
tion of the machine-readable media, all linked together with
other supporting circuitry through an external bus architec-
ture. Alternatively, the processing system may be imple-
mented with an ASIC (Application Specific Integrated Cir-
cuit) with the processor, the bus interface, the user interface 1in
the case of an access terminal), supporting circuitry, and at
least a portion of the machine-readable media integrated into
a single chip, or with one or more FPGAs (Field Program-
mable Gate Arrays), PLDs (Programmable Logic Devices),
controllers, state machines, gated logic, discrete hardware
components, or any other suitable circuitry, or any combina-
tion of circuits that can perform the various functionality
described throughout this disclosure. Those skilled 1n the art
will recognize how best to implement the described function-
ality for the processing system depending on the particular
application and the overall design constraints imposed on the
overall system.

The machine-readable media may comprise a number of
software modules. The software modules include instructions
that, when executed by the processor, cause the processing
system to perform various functions. The software modules
may include a transmission module and a recetving module.
Each software module may reside in a single storage device or
be distributed across multiple storage devices. By way of
example, a soltware module may be loaded into RAM from a
hard drive when a triggering event occurs. During execution
of the software module, the processor may load some of the
istructions 1nto cache to icrease access speed. One or more
cache lines may then be loaded 1nto a general register file for
execution by the processor. When referring to the functional-
ity of a software module below, 1t will be understood that such
functionality 1s implemented by the processor when execut-
ing instructions from that software module.
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If implemented 1n software, the functions may be stored or
transmitted over as one or more 1nstructions or code on a
computer-readable medium. Computer-readable media
include both computer storage media and communication
media including any medium that facilitates transfer of a
computer program from one place to another. A storage
medium may be any available medium that can be accessed
by a computer. By way of example, and not limitation, such
computer-readable media can comprise RAM, ROM,
EEPROM, CD-ROM or other optical disk storage, magnetic
disk storage or other magnetic storage devices, or any other
medium that can be used to carry or store desired program
code 1n the form of mstructions or data structures and that can
be accessed by a computer. Also, any connection 1s properly
termed a computer-readable medium. For example, 1t the
software 1s transmitted {from a website, server, or other remote
source using a coaxial cable, fiber optic cable, twisted parr,
digital subscriber line (DSL), or wireless technologies such as
infrared (IR), radio, and microwave, then the coaxial cable,
fiber optic cable, twisted pair, DSL, or wireless technologies
such as infrared, radio, and microwave are included in the
definition of medium. Disk and disc, as used herein, include
compact disc (CD), laser disc, optical disc, digital versatile
disc (DVD), floppy disk, and Blu-ray® disc where disks
usually reproduce data magnetically, while discs reproduce
data optically with lasers. Thus, in some aspects computer-
readable media may comprise non-transitory computer-read-
able media (e.g., tangible media). In addition, for other
aspects computer-readable media may comprise transitory
computer-readable media (e.g., a signal). Combinations of
the above should also be included within the scope of com-
puter-readable media.

Thus, certain aspects may comprise a computer program
product for performing the operations presented herein. For
example, such a computer program product may comprise a
computer-readable medium having instructions stored (and/
or encoded) thereon, the instructions being executable by one
or more processors to perform the operations described
herein. In some aspects, a computer-readable medium com-
prises codes executable to perform one or more operations as
taught herein. For certain aspects, the computer program
product may include packaging matenal.

Further, it should be appreciated that modules and/or other
appropriate means for performing the methods and tech-
niques described herein can be downloaded and/or otherwise
obtained by a user terminal and/or base station as applicable.
For example, such a device can be coupled to a server to
tacilitate the transier of means for performing the methods
described herein. Alternatively, various methods described
herein can be provided via storage means (e.g., RAM, ROM,
a physical storage medium such as a compact disc (CD) or
floppy disk, etc.), such that a user terminal and/or base station
can obtain the various methods upon coupling or providing
the storage means to the device. Moreover, any other suitable
technique for providing the methods and techniques
described herein to a device can be utilized.

The previous description of the disclosed aspects 1s pro-
vided to enable any person skilled 1n the art to make or use the
present disclosure. Various modifications to these aspects will
be readily apparent to those skilled in the art, and the generic
principles defined herein may be applied to other aspects
without departing from the scope of the disclosure. Thus, the
present disclosure 1s not mntended to be limited to the aspects
shown herein but 1s to be accorded the widest scope consistent
with the principles and novel features disclosed herein.
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What 1s claimed 1s:

1. A method of testing a transceiver, comprising:

transmitting a signal at a {irst time, wherein transmitting

the signal at the first time comprises transmitting pulses

during respective subintervals of a hop interval;
receiving the signal at a second time, wherein recerving the
signal at the second time comprises enabling the receiver for
receiving the signal at the second time, wherein the second
time 1s related to a selected one of the subintervals of the hop
interval;
generating samples of at least one of the pulses and noise
during an entire duration of the hop interval; and
determining an operating condition of the transcerver based
on the first and second times, wherein the operating condition
comprises a timing of enabling a transmitter of the transcerver
for transmitting the signal or a timing of enabling a receiver of
the transceiver for receiving the signal, wherein determining,
the timing of enabling the receiver comprises analyzing the
samples to determine whether the at least one of the pulses
was recerved during the selected subinterval of the hop inter-
val.

2. The method of claim 1, wherein the hop 1nterval 1s based
on a clock signal.

3. The method of claim 1, wherein enabling the receiver
comprises enabling at least one component associated with
receiving the signal.

4. The method of claim 1, wherein the operating condition
comprises a first timing associated with transmitting the sig-
nal, a second timing associated with recerving the signal, or a
third timing associated with transmitting and recerving the
signal.

5. The method of claim 1, wherein enabling the transmaitter
comprises enabling at least one component associated with
transmitting the signal only during the transmission of the
pulse; and

further comprising disabling the at least one component 11

the pulse 1s not being transmaitted.

6. The method of claim 1, wherein determining the timing
of enabling the receiver comprises:

defiming a specified number of hop intervals including said

hop iterval, wherein each hop interval consists of a
specified number of subintervals;

wherein transmitting the signal at the first time comprises

transmitting pulses during respective subintervals of
cach of the hop intervals;

wherein receiving the signal at the second time comprises:

cnabling the recerver for recerving the signal at times
related to selected subintervals of respective hop
intervals; and

generating samples of at least one of the pulses and noise
during an entire duration of each of the hop intervals;
and

analyzing the samples.

7. The method of claim 6, wherein analyzing the samples
comprises generating respective runmng counts of values of
samples corresponding to distinct time positions within each
hop interval, the runming counts continually being updated for
cach of the specified number of hop intervals, wherein deter-
mimng the timing of enabling the receiver comprises analyz-
ing the running counts.

8. The method of claim 7, wherein analyzing the runming
counts comprises determining whether the running counts
indicate that statistically the pulses were recerved during the
selected subintervals of respective hop intervals.
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9. An apparatus for testing a transcetver, comprising:

a transmitter adapted to transmit a signal at a first time,
wherein transmitting the signal at the first time com-
prises transmitting pulses during respective subintervals
of a hop interval;

a recerver adapted to receive the signal at a second time,
wherein recerving the signal at the second time com-
prises enabling the recerver for recerving the signal at the
second time, wherein the second time 1s related to a
selected one of the subintervals of the hop interval;

a sampling device configured to generate samples of at
least one of the pulses and noise during an entire dura-
tion of the hop interval; and

a processing system adapted to determine an operating
condition of the transcerver based on the first and second
times, wherein the operating condition comprises a tim-
ing of enabling the transmitter of the transceiver for
transmitting the signal or a timing of enabling the
receiver of the transcerver for receiving the signal,
wherein the processing system 1s configured to deter-
mine the timing ol enabling the receiver by at least
analyzing the samples to determine whether the at least
one of the pulses was received during the selected sub-
interval of the hop interval.

10. The apparatus of claim 9, wherein the hop interval 1s

based on a clock signal.

11. The apparatus of claim 9, further comprising a control-
ler adapted to enable at least one component of the receiver.

12. The apparatus of claim 9, wherein the operating con-
dition comprises a first timing associated with transmitting
the signal, a second timing associated with receiving the
signal, or a third timing associated with transmitting and
receiving the signal.

13. The apparatus of claim 9, further comprising an indi-
cator adapted to provide an indication based on the determi-
nation of the operating condition.

14. The apparatus of claim 9, further comprising a control-
ler adapted to:

enable at least one component of the transmitter only dur-
ing the transmission of the pulse; and

disable the at least one component of the transmitter 1f the
pulse 1s not being transmitted.

15. The apparatus of claim 9, further comprising a control-
ler adapted to enable at least one component of the recerver
for only a duration of the selected one of the subintervals of
the hop interval.

16. An apparatus for testing a transceiver, comprising:

means for transmitting a signal at a first time, wherein
transmuitting the signal at the first time comprises trans-
mitting pulses during respective subintervals of a hop
interval;

means for recerving the signal at a second time, wherein
receiving the signal at the second time comprises
enabling the recetver for receiving the signal at the sec-
ond time, wherein the second time 1s related to a selected
one of the subintervals of the hop interval;

means for generating samples of at least one of the pulses
and noise during an entire duration of the hop interval;
and

means for determining an operating condition of the trans-
cerver based on the first and second times, wherein the
operating condition comprises a timing of enabling the
transmitting means of the transceiver for transmitting
the signal or a timing of enabling the recerving means of
the transcerver for recerving the signal, wherein the
means for determining 1s configured to determine the
timing of enabling the recerver by at least analyzing the
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samples to determine whether the at least one of the
pulses was recerved during the selected subinterval of
the hop interval.

17. The apparatus of claim 16, further comprising;:

means for enabling at least one component of the receiving
means for only a duration of the selected one of the
subintervals of the hop interval; and

means for analyzing samples of the recerved signal taken

during the entire duration of the hop interval.

18. A computer program product, comprising:

a non-transitory computer readable medium comprising

codes executable by an apparatus to:

define a hop interval consisting of a specified number of
subintervals:

transmit a signal at a first time, wherein transmitting the
signal at the first time comprises enabling the trans-
mitter for transmitting a pulse at the first time,
wherein the first time 1s related to a selected one of the
subintervals of the hop interval, the pulse being the
only pulse transmitted during the hop interval;

receive the signal at a second time, wherein recerving the
signal at the second time comprises generating
samples of the pulse and noise during an entire dura-
tion of the hop interval; and

determine an operating condition of a transceiver based
on the first and second times, wherein the operating
condition comprises a timing of enabling a transmitter
ol the transceiver for transmitting the signal or a tim-
ing of enabling a receiver of the transcerver for recerv-
ing the signal, wherein determining the timing of
ecnabling the transmitter comprises analyzing the
samples to determine whether the pulse was received
during the selected subinterval of the hop interval.

19. The computer program product of claim 18, wherein
determining the timing of enabling the transmitter comprises:

defiming a specified number of hop intervals including said

hop interval, wherein each hop interval consists of a
specified number of subintervals;

wherein transmitting the signal at the first time comprises

enabling the transmitter for transmitting pulses at times
related to selected subintervals of respective hop inter-
vals, wherein only one of the pulses 1s transmitted during
cach hop interval;

wherein receiving the signal at the second time comprises

generating samples of the pulse and noise during an
entire duration of each of the hop intervals; and
analyzing the samples.

20. The computer program product of claim 19, wherein
analyzing the samples comprises generating respective run-
ning counts of values of samples corresponding to distinct
time positions within each hop interval, the running counts
continually being updated for each of the specified number of
hop intervals, wherein determining the timing of enabling the
transmitter comprises analyzing the running counts.

21. The computer program product of claim 20, wherein
analyzing the running counts comprises determining whether
the running counts indicate that statistically the pulses were
received during the selected subintervals of respective hop
intervals.

22. A headset, comprising:

a transceiver, comprising;:

a transmitter adapted to transmit a signal at a first time,
wherein transmitting the signal at the first time com-

prises enabling the transmitter for transmitting a pulse
at the first time, wherein the first time 1s related to a
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selected one of subintervals of a hop interval, the
pulse being the only pulse transmitted during the hop
interval;

a recerver adapted to recerve the signal at a second time,
wherein recerving the signal at the second time com-
prises generating samples of the pulse and noise dur-
ing an entire duration of the hop interval;

a processing system adapted to determine an operating

d

condition of the transcerver based on the first and second
times, wherein the operating condition comprises a tim-
ing of enabling the transmuitter for transmitting the signal
or a timing ol enabling the recerver for receiving the
signal, wherein determining the timing of enabling the
transmitter comprises analyzing the samples to deter-
mine whether the pulse was recerved during the selected
subinterval of the hop interval; and

transducer adapted to process data received by the
receiver.

23. A watch, comprising:
a transceiver, comprising:

a transmuitter adapted to transmuit a signal at a first time,
wherein transmitting the signal at the first time com-
prises enabling the transmitter for transmitting a pulse
at the first time, wherein the first time 1s related to a
selected one of subintervals of a hop interval, the
pulse being the only pulse transmitted during the hop
interval;

a recerver adapted to recerve the signal at a second time,
wherein receirving the signal at the second time com-
prises generating samples of the pulse and noise dur-
ing an entire duration of the hop interval;

a processing system adapted to determine an operating

condition of the transcerver based on the first and second
times, wherein the operating condition comprises a tim-
ing of enabling the transmuitter for transmitting the signal
or a timing of enabling the receirver for recetving the
signal, wherein determining the timing of enabling the
transmitter comprises analyzing the samples to deter-
mine whether the pulse was received during the selected
subinterval of the hop interval; and

a user interface adapted to generate an indication based on

data recerved by the recerver.

24. A sensing device, comprising:
a transceiver, comprising:

a transmitter adapted to transmait a signal at a first time,
wherein transmitting the signal at the first time com-
prises enabling the transmitter for transmitting a pulse
at the first time, wherein the first time 1s related to a
selected one of subintervals of a hop interval, the
pulse being the only pulse transmitted during the hop
interval;

a recerver adapted to recerve the signal at a second time,
wherein receirving the signal at the second time com-
prises generating samples of the pulse and noise dur-
ing an entire duration of the hop interval;

a processing system adapted to determine an operating

condition of the transcerver based on the first and second
times, wherein the operating condition comprises a tim-
ing of enabling the transmuitter for transmitting the signal
or a timing of enabling the recerver for receiving the
signal, wherein determining the timing of enabling the
transmitter comprises analyzing the samples to deter-
mine whether the pulse was received during the selected
subinterval of the hop interval; and

a sensor adapted to process data for transmission by the

transmuitter.
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